INTRODUCTION {#sec1-1}
============

The increasing trends in traffic accidents deaths, in particularly the low- and middle-income countries, poses great threat to the wellbeing and existence of mankind in such areas.\[[@ref1][@ref2]\] Presently, traffic accident is considered the most life threatening throughout the world.\[[@ref3]\] Majority of deaths, disabilities, hospitalizations and reduction in nations\' economy are associated with losses and damages caused by traffic accidents.\[[@ref4]\] Most traffic accidents in the low- and middle-income countries are due to one or more of the following reasons: Rapid increase in the number of motor vehicles, increased exposure to risky factors such as speed and alcohol consumption, insufficient regulations for road safety, and inefficient public health structure.\[[@ref5]\] A number of studies on the factors responsible for traffic accident deaths have been conducted in Iran and other parts of the world. These studies were conducted using the fields such as human behavior, road safety, vehicle safety, and traffic management, all of which necessitated the revision and preparation of regulation and rules, as well as their full implementation.\[[@ref6][@ref7]\] One way to reduce these traffic accidents is to investigate the trend of the resultant deaths and the effect of the different interventions. In 2012, Bahadori et al., proposed a model to predict traffic accident death in Iran between 2004 and 2010 by using the Box Jenkins multi-variable time series models. A prediction was made of traffic accidents deaths which occurred between 2011 and 2012 and this was compared with the statistical data for the first 9 months of 2011. In 2011 and 2012, there were predicted negative growth rates of 7.32 and 5.31%, respectively with a 93% accuracy.\[[@ref8]\] In a study by Ersi et al., death trend of motor vehicle collisions in Europe from 1980 to 2007 was investigated, with the sole purpose of comparing the results with those of similar studies in the USA and Japan. Their results showed a decreased trend in Europe from 20.2 per 100000 persons in 1987 to 13.5 per 100000 persons in 2007 for men and from 6.3 to 3.7 for women, indicating the necessity in implementing quick and coherent measures to further reduce this number, particularly in the southern and eastern countries in this continent.\[[@ref9]\]

One of the models used to determine these trends is the time series model which is attributed to a change-point analysis, which scientifically compares the trends observed prior to a specific time period with that of a similar time period, and provides the graphical and quantitative demonstration for any significant changes. In a study which focused on the approximate time of reduction in traffic accidents among young drivers in New Zealand, this model was able to show such time and identify the parameters effective for this issue.\[[@ref10]\] Generally, plans with the purpose of studying the trend of a health-related event, such as death, have the following applications: 1- Observing the results of efforts made to reduce or mitigate the considered event; 2- Effectively directing the actions toward controlling the occurrence of the considered event; 3- Providing a recommendation for modifying the accurate traffic accident monitoring system.\[[@ref11]\] Traffic accidents deaths in Iran have followed a decreasing trend during the last years, and 20,408 deaths per year were reported in a study by Ainy et al.\[[@ref12]\] Therefore, these deaths are one of the major areas of focus and concern for the Iranian government and health system.\[[@ref13][@ref14]\]

In this study, traffic accidents deaths were predicted and analyzed to provide a useful planning and policy-making tool for authorities in the field of road traffic, conduct interventions appropriate with death trends, and take the measures required for future control.

MATERIALS AND METHODS {#sec1-2}
=====================

In a cross-sectional study, all the information related to the traffic accidents deaths available in the database of Iran Legal Medicine Organization from 2004 to the end of year 2013 was used to determine the change points (multi-variable time series analysis). To moderate the effect of the intervening factors of the monthly number of deaths caused by car crashes from 2004 to the end of year 2013, change-point analysis was used to study the existing variations in this time series, while synchronicity of these changes was accommodated with the enforcement of new regulations. The role of the rules and regulations in the variations of these deaths was examined using Box Jenkins multi-variable time series models and CPA analysis over time. In this study, based on Box Jenkins prediction model, and in addition to trend, seasonal and stochastic variations were taken into consideration, and non-stationary factor was eliminated to identify the appropriate ARIMA model in order to evaluate the parameters, analyze the residuals, and finally predict the model.\[[@ref10]\] Using ARIMA model, it was possible to predict death rates between 2014 and 2015, and a comparison was made between the actual death rate and the predicted death rate in order to ascertain the efficiency of the model. All statistical analysis were carried out using SAS and Stata 12 software packages, with a *P* \< 0.05 considered as being significant.

Findings {#sec2-1}
--------

[Table 1](#T1){ref-type="table"} indicated that years 2006 and 2014 accounted for the highest and lowest death rates, respectively \[[Table 1](#T1){ref-type="table"}\].

###### 

Rate of death incidence caused by the traffic accidents in Iran, per 100000 persons and 10000 vehicles during 2001 to 2014
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[Figure 1](#F1){ref-type="fig"} illustrated an annual change compared with the previous year. Based on the results, the highest percent variation occurred in 2008 and 2012, respectively, compared to 2007 and 2011 \[[Figure 1](#F1){ref-type="fig"}\].

![Percent variation of death rate caused by the traffic accidents during 2004-2013, per 10000 vehicles](IJCIIS-6-74-g002){#F1}

[Figure 2](#F2){ref-type="fig"} illustrated a time series for the death rate in Iran (per 10000 vehicles) in terms of month and year \[[Figure 2](#F2){ref-type="fig"}\].

![The death trend of traffic accidents during a 14-year period (per 10000 vehicles)](IJCIIS-6-74-g003){#F2}

This time series was seasonal and non-stationary, in which the variation pattern was repeated once with each observation. This repetition was evidence of its seasonality. Conversely, there was an average decrease over time of the value of this series. An increase in the particular months of the year with the maximum number of travels (months of summer) was also clearly observed, indicating that the time series was also a non-stationary one. Differencing (1^st^ and 12^th^ order) was used to convert the series into a stationary series (eliminating the non-stationary factor). Based on the data obtained from the auto-regression and partial auto-regression curves, order of the moving average process and auto-regression was assumed to be equal to one and that of the moving average process and seasonal auto-regression was also considered equal to one. Some of the parameters of ARIMA model were approximated and the model was made to fit the different values of the parameters. Also, its acceptable performance was examined by studying the residual values. If the model was not appropriate, the parameters would be changed to fit other models; finally, the models were compared using AIC and SBC criteria to select the appropriate model. A comparison of the models fitted to the logarithm of the death rate caused by the traffic accidents in Iran (per 10000 vehicles) is shown in \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparing the models fitted to the logarithm of death rate caused by the traffic accidents in Iran (per 10000 vehicles)
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From the table, the minimum value of AIC was -293.8, implying that model is the most appropriate model for fitting the series.

[Table 3](#T3){ref-type="table"} shows the results for the selected model \[[Table 3](#T3){ref-type="table"}\].

###### 

Result of model
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By investigating the auto-regression of the residuals of the fitted model, it was discovered that the residuals were not correlated at any of the time intervals. Finally, using the determined model, the death rate (per 10000 vehicles) for 2014 and 2015 was predicted and a comparison of this predicted rate for 2014 was made with the actual rate the same year \[[Figure 3](#F3){ref-type="fig"}\].

![Predicting the logarithm of rate of deaths caused by traffic accidents (per 10000 vehicles) at 95% confidence interval](IJCIIS-6-74-g006){#F3}

Findings showed that the death rate in 2014 was almost similar to the actual rate recorded for the same year, while in 2015 this rate decreased in all the months of the year compared with the previous year (2014). A maximum rate of 4.1% in the entire year was recorded in the months of January and February, 2015. Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} demonstrate the predicted values of the rate of deaths caused by the traffic accident in 2014 and 2015 \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\].

###### 

Predicted values of rate of death caused by traffic accidents in Iran (per 10000 vehicles) at 95% confidence interval in 2014
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###### 

Predicted values of rate of death caused by traffic accidents in Iran (per 10000 vehicles) at 95% confidence interval in 2015
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DISCUSSION {#sec1-3}
==========

The results showed that the death rate in 2014 was almost similar with its actual rate recorded in the same year, and this rate decreased in all the months of 2015 compared with the previous year (2014). Also, it was predicted that the rate would reach a maximum of 4.1% in January and February, 2015.

One of the models for determining the trend in the field of effect of regulations is the time series model attributed to the change point analysis, which scientifically compares the trends observed prior to a specific time period with that of a similar time period and provides a graphical and quantitative demonstration for any significant change.

Results of the analysis of this time series model related to the study conducted in Iran also showed a decrease from 38 deaths in 2004 to 31 deaths in 2010, per 100000 persons. Also, the number of deaths based on the index related to the number of vehicles decreased from 38 deaths in 2004 to 12 deaths in 2010.\[[@ref8]\] In a study conducted to predict the approximate date of reduction in the traffic accidents among young drivers in New Zealand, the model was able to demonstrate this time series and identify the effective variables on this transition.\[[@ref10]\]

During 1966 to 2010, the government of The United States of America took some measures such as establishment of National Traffic and Safety Organization, application of regulation for factories manufacturing motor vehicles to install safety equipment and belts, approval and implementation of regulations related to speed limits, approval and implementation of regulations related to the use of safety belt and child seat, increased standards for the safety of vehicles, approval and implementation of regulations related to the use of safety helmet, and strict application of regulations for individuals below the age of 21 and drivers with the record of alcoholic consumption to curb traffic accidents, and this reduced the rate of damage and loss caused by traffic accidents by 9.7%.\[[@ref15][@ref16][@ref17][@ref18][@ref19]\]

In the same approach and for the same reason, during 1988 to 2010, the UK government also carried out a series of actions including revision of road safety regulations, installing speed limit cameras, and executing a national program for safety cameras in order to reduce the number of deaths in the traffic accidents from 5200 to 1900 deaths per year.\[[@ref20][@ref21]\]

According to the data collected from Iran Legal Medicine Organization, the number of death occurrences resulting from road accidents in 2001 was equal to 19727, and this was maximum in 2005, with a total number of 27,759 deaths. A maximum number was recorded between 2001 and 2014, with a total of 16872 in 2014. From the data, it was deduced that there was significant decrease of 47% in death in 2014 compared to 2005.

This is indicative that by continuing this trend and conducting other interventions in other fields such as forbidding the use of cell phones while driving, using child restraint, and increasing the road and vehicle safety standards in Iran, the deaths caused by traffic accidents can be significantly reduced. Based on the proposed model, it can be concluded that death rate from traffic accidents in Iran would decrease in 2015 if this trend continues.

CONCLUSION {#sec1-4}
==========

From the obtained results, the use of ARIMA model in predicting traffic accidents deaths can be a useful and appropriate approach for providing good and efficient preventive measures against future occurrences. Also, the actions conducted during 2007 to 2014 regarding making new regulations were also effective, and considerably reduced the death incidences. It is recommended that some actions such as strict regulations for cell phone use and safety of backseat passengers should be taken in order to increase road and vehicle safety, and this will in turn significantly reduce the number of victims in traffic accidents.
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